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FUEL CELL AND METHOD FOR
MANUFACTURING SEPARATOR FOR FUEL
CELL INCLUDING CONDUCTIVE
PARTICLES AND CARBON FIBERS BURIED
IN PROJECTING PARTS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese patent application No. 2018-082830,
filed on Apr. 24, 2018, the disclosure of which 1s 1ncorpo-
rated herein 1n 1ts entirety by reference.

BACKGROUND

The present disclosure relates to a fuel cell and a method
for manufacturing a separator for a fuel cell (hereiafter also
referred to as “a fuel cell separator™).

A tuel cell 1s formed by stacking a plurality of unit cells.
Each unit cell includes a pair of separators and a membrane
clectrode gas diffusion layer assembly (MEGA: Membrane
Electrode Gas Diflusion Layer Assembly) disposed between
the pair of separators. As separators, separators made of
metal (heremafter also referred to as metallic separators) that

can be manufactured by press-forming and have excellent
productivity are often used. In particular, separators can be
manufactured at low cost by using a stainless steel material

as their material. Japanese Unexamined Patent Application
Publication No. 2006-140095 discloses a method for manu-

facturing metallic separators for fuel cells.

SUMMARY

The present inventor has found the following problem. A
passive film having a high electric resistance 1s formed on a
surface of a metallic separator. Therefore, there 1s a problem
that when metallic separators are used as separators for fuel
cells, contact resistances between adjacent separators and
contact resistances between separators and gas diffusion
layers increase.

In the techmque disclosed 1n Japanese Unexamined Patent
Application Publication No. 2006-140095, in order to solve
the above-described problem, conductive particles are dis-
posed so that they penetrate a passive film formed on a
surface of a separator. By providing conductive particles so
as to penetrate the passive film as described above, an
clectric resistance on the surface of the separator can be
reduced. In the technique disclosed 1n Japanese Unexamined
Patent Application Publication No. 2006-140095, conduc-
tive particles are disposed on the entire surface of the
separatotr.

However, the parts in the fuel cell separator that need to
be conductive are parts that are brought 1nto contact with an
adjacent separator or a gas diffusion layer. Therefore, 1t 1s
unnecessary to provide conductive particles on the entire
surface of the separator. That 1s, 1n the case where conduc-
tive particles are provided on the entire surface of the
separator as in the technique disclosed in Japanese Unex-
amined Patent Application Publication No. 2006-140093, an
amount of conductive particles to be used increases, thus
causing a problem that a manufacturing cost for the sepa-
rator increases.

In view of the above-described problem, an object of the
present disclosure 1s to provide a fuel cell and a method for
manufacturing a fuel cell separator capable of reducing a
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2

manufacturing cost for the separator while improving con-
ductivity on a surface of the separator.

A first exemplary aspect 1s a fuel cell including: a first
separator made of metal and having a projection-depression
shape; a second separator made of metal and having a
projection-depression shape, the first and second separators
being configured so that a projecting part on one surface of
the second separator abuts against a projecting part on one
surface of the first separator, and a depressed part on the one
surface of the second separator 1s opposed to a depressed
part on the one surface of the first separator, thereby forming
a flow path therebetween; a first gas diflusion layer config-
ured to abut against a projecting part on another surface of
the first separator, and configured to diffuse a first gas
flowing through a depressed part on the another surface of
the first separator; and a second gas diflusion layer config-
ured to abut against a projecting part on another surface of
the second separator, and configured to diffuse a second gas
flowing through a depressed part on the another surface of
the second separator. Conductive particles are buried in the
projecting part on the one surface of each of the first and
second separators, and carbon fibers are buried 1n the
projecting part on the another surface of each of the first and
second separators. The projecting parts on the one surfaces
of the first and second separators abut against each other so
that the conductive particles buried 1n these projecting parts
come 1nto contact with each other. The projecting parts on
the another surfaces of the first and second separators abut
against the first and second gas diflusion layers, respectively,
so that the carbon fibers buried i these projecting parts
come 1nto contact with the first and second gas diffusion
layers, respectively.

As described above, i the fuel cell according to the
present disclosure, conductive particles are buried in the
projecting part on the one surface of each of the first and
second separators, and carbon fibers are buried 1n the
projecting part on the other surface of each of the first and
second separators. Therefore, when 1t 1s desired to improve
conductivity on a surface of a fuel cell separator, 1t is
possible to impart conductivity only to a part(s) that needs
to be conductive 1n the fuel cell separator, 1.€., only to a
projecting part(s) that 1s brought into contact with an adja-
cent separator or a gas diffusion layer. Therefore, 1t 1s
possible to reduce the amount of conductive particles to be
used as compared to the case where conductive particles are
provided on the entire surface of the separator. Further,
carbon fibers are buried on the other surface of the separator.
Therefore, the amount of conductive particles to be used can
be reduced as compared to the case where conductive
particles are buried in both surfaces of the separator. There-
fore, i1t 1s possible to reduce a manufacturing cost while
improving conductivity on surfaces of separators.

In the above-described tuel cell, the conductive particles
may be tin oxide particles. Since tin oxide 1s less expensive
than noble metals, the manufacturing cost can be reduced by
using tin oxide particles as the conductive particles.

In the above-described fuel cell, a particle size of the tin
oxide particles may be 5 nm to 10 nm. When the particle size
of the conductive particles 1s smaller than 5 nm, the buried
conductive particles do not penetrate the passive film, so that
suflicient conductivity may not be developed. On the other
hand, when the particle size of the conductive particles 1s
larger than 10 nm, a destructive energy that the buried
conductive particles provide to the surface of the separator
becomes too large. As a result, the conductive particles could
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damage not only the passive film but also the separator itself.
Therefore, the particle size of the conductive particles 1s
preferably 5 nm to 10 nm.

In the above-described fuel cell, the conductive particles
may be buried at corners of the projecting parts on the one 5
surfaces of the first and second separators, and the carbon
fibers may be buried at corners of the projecting parts on the
another surfaces of the first and second separators. The
corners of the projecting parts of the separators have a large
contribution to the conductivity. Therefore, the conductivity 10
of the separator can be improved by selectively burying
conductive particles or carbon fibers at the corners of the
projecting parts.

Another exemplary aspect 1s a method for manufacturing
a fuel cell separator with a projection-depression shape 15
formed on its surface, including sandwiching a metal plate
between a first die and a second die, and performing
press-forming, 1 which the first die includes a projecting
part and a depressed part, the second die includes a project-
ing part in a place opposed to the depressed part of the first 20
die and a depressed part 1n a place opposed to the projecting
part ol the first die, and a groove filled with conductive
particles 1s formed 1n a predetermined place in the depressed
part of the first die, and the conductive particles contained in
the groove are supplied to a surface of the metal plate during 25
the press-forming. In the press-forming of the separator, the
press-forming 1s performed 1n a state where the metal plate
1s disposed between the first and second dies, and a carbon
fiber sheet 1s disposed between the metal plate and the
second die, so that conductive particles are buried 1 a 30
projecting part on one surface of the separator and carbon
fibers are buried 1n a projecting part on another surface of the
separator.

As described above, 1n the method for manufacturing a
tuel cell separator according to the present disclosure, a 35
groove lilled with conductive particles 1s formed 1n a pre-
determined place 1n the depressed part of the first die.
Further, in the press-forming of the separator, the press-
forming 1s performed in a state where the metal plate 1s
disposed between the first and second dies, and a carbon 40
fiber sheet 1s disposed between the metal plate and the
second die. In this way, 1t 1s possible to bury conductive
particles 1n a projecting part on one surface of the separator
and carbon fibers 1n a projecting part on the other surface of
the separator. Therefore, when it 1s desired to 1mprove 45
conductivity on a surface of a fuel cell separator, 1t is
possible to impart conductivity only to a part(s) that needs
to be conductive in the fuel cell separator, 1.¢., only to a
projecting part(s) that 1s brough‘[ into contact Wlﬂl an adja-
cent separator or a gas diffusion layer. Therefore, 1t 1s 50
possible to reduce the amount of conductive particles to be
used as compared to the case where conductive particles are
provided on the entire surface of the separator. Further,
carbon fibers are buried on the other surface of the separator
by using a carbon fiber sheet. Therefore, the amount of 55
conductive particles to be used can be reduced as compared
to the case where conductive particles are buried in both
surfaces of the separator. Therefore, 1t 1s possible to reduce
a manufacturing cost while improving conductivity on sur-
faces of separators. 60

In the above-described method for manufacturing a fuel
cell separator, the conductive particles may be tin oxide
particles. Since tin oxide 1s less expensive than noble metals,
the manufacturing cost can be reduced by using tin oxide
particles as the conductive particles. 65

In the above-described method for manufacturing a fuel
cell separator, a particle size of the tin oxide particles may

4

be S nm to 10 nm. When the particle size of the conductive
particles 1s smaller than 5 nm, the buried conductive par-
ticles do not penetrate the passive film, so that suflicient
conductivity may not be developed. On the other hand, when
the particle size of the conductive particles 1s larger than 10
nm, a destructive energy that the buried conductive particles
provide to the surface of the separator becomes too large. As
a result, the conductive particles could damage not only the
passive film but also the separator itsell. Therefore, the
particle size of the conductive particles 1s preferably 5 nm to
10 nm.

In the above-described method for manufacturing a fuel
cell separator, the above-described predetermined place may
be a corner of the projecting part of the first die, and the
conductive particles may be buried at a corner of the
projecting part on the one surface of the separator during the
press-forming process. The corners of the projecting parts of
the separators have a large contribution to the conductivity.
Therefore, the conductivity of the separator can be improved
by selectively buryving conductive particles at the corners of
the projecting parts.

According to the present disclosure, 1t 1s possible to
provide a fuel cell and a method for manufacturing a fuel
cell separator capable of reducmg a manufacturing cost for
the separator while improving conductivity on a surface of
the separator.

The above and other objects, features and advantages of
the present disclosure will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of 1llus-
tration only, and thus are not to be considered as limiting the
present disclosure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross section for explaiming a fuel cell
according to an embodiment;

FIG. 2 1s an enlarged cross section of a separator included
in a fuel cell according to an embodiment;

FIG. 3 1s an enlarged cross section of a separator included
in a fuel cell according to an embodiment;

FIG. 4 1s a cross section for explaining dies used 1n a
method for manufacturing a fuel cell separator according to
an embodiment;

FIG. 5 1s an enlarged cross section of the die shown 1n
FIG. 4;

FIG. 6 1s a cross section showing a method for manufac-
turing a fuel cell separator according to an embodiment;

FIG. 7 1s a cross section showing a method for manufac-
turing a fuel cell separator according to an embodiment;

FIG. 8 1s a cross section showing a method for manufac-
turing a fuel cell separator according to an embodiment; and

FIG. 9 1s a graph showing a relation between surface
occupying area ratio of tin oxide and contact resistances.

DESCRIPTION OF EMBODIMENTS

Embodiments according to the present disclosure are
described hereinaiter with reference to the drawings.

FIG. 1 1s a cross section for explamning a fuel cell
according to an embodiment. As shown 1n FIG. 1, a fuel cell
1 according to this embodiment i1s formed by stacking a
plurality of unit cells 10. Each unit cell 10 includes sepa-
rators 11 and 12, gas diffusion layers 13 and 14, and a
membrane electrode assembly 15. Note that the gas diffusion
layers 13 and 14 and the membrane electrode assembly 15
constitutes an MEGA (Membrane Electrode Gas diffusion
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layer Assembly) 20. Further, each MEGA 20 1s sandwiched
by its own separators 11 and 12.

Each of the separators 11 and 12 has a projection-
depression shape. A projecting part of the separator 11 that
projects toward the negative side 1n the z-axis direction
(herematter also expressed as “the z-axis negative side™)
abuts against (1.e., 1s 1n contact with) the gas diffusion layer
13. Further, a space enclosed with a depressed part of the
separator 11 that 1s depressed into the positive side 1n the
z-axis direction (heremaiter also expressed as “the z-axis
positive side”) and the gas diflusion layer 13 functions as a
gas flow path 16. A gas flowing through the gas tflow path 16
1s diffused 1nto (supplied to) the membrane electrode assem-
bly 15 through the gas diffusion layer 13. The gas diffusion
layer 13 can be formed by using a conductive member
having gas permeability (e.g., a porous carbon element).

A projecting part of the separator 12 that projects toward
the z-axis positive side abuts against (i.¢., 15 1n contact with)
the gas diffusion layer 14. Further, a space enclosed with a
depressed part of the separator 12 that 1s depressed into the
z-ax1s negative side and the gas diflusion layer 14 functions
as a gas flow path 17. A gas flowing through the gas flow
path 17 1s diffused into (supplied to) the membrane electrode
assembly 15 through the gas diffusion layer 14. The gas
diffusion layer 14 can be formed by using a conductive
member having gas permeability (e.g., a porous carbon
clement).

The membrane electrode assembly 15 1s formed by using,
an electrolyte membrane and electrode catalyst layers dis-
posed on both surfaces of the electrolyte membrane. When
an anode gas and a cathode gas are supplied to the mem-
brane electrode assembly 15, power 1s generated by an
oxidation-reduction reaction of the anode gas and the cath-
ode gas. For example, the anode gas 1s a hydrogen gas and
the cathode gas 1s oxygen (air).

Assuming that, for example, the z-axis negative side of
cach unit cell 10 1s the anode side and the z-axis positive side
thereot 1s the cathode side, the cathode gas tlows through the
gas tflow path 16 and the anode gas tlows through the gas
flow path 17. Conversely, when the z-axis negative side 1s
the cathode side and the z-axis positive side 1s the anode
side, the anode gas flows through the gas flow path 16 and
the cathode gas flows through the gas flow path 17.

As shown in FIG. 1, the fuel cell 1 according to this
embodiment 1s formed by stacking a plurality of unit cells
10. When unit cells 10 are stacked on top one another, they
are stacked so that projecting parts of a separator 11 abut
against (1.e., are in contact with) respective projecting parts
ol a separator 12 between each two adjacent unit cells 10.
Specifically, unit cells 10 are stacked so that projecting parts
ol a separator 11 projecting toward the z-axis positive side
abut against (i.e., are 1n contact with) respective projecting
parts of a separator 12 projecting toward the z-axis negative
side. Note that depressed parts adjacent to projecting parts
abutting against each other form a flow path 18. That 1s, a
depressed part of a separator 11 and a depressed part of a
separator 12 are opposed to each other, and thereby form a
flow path 18. The flow path 18 1s a tlow path through which
a cooling medium (e.g., water) for cooling a respective unit
cell 10 flows.

Each of the separators 11 and 12 is a separator made of
metal (hereinafter also referred to as a metallic separator).
For example, each of the separators 11 and 12 1s a thin plate
made of stainless steel, titanium, a titanium alloy, an alu-
minum alloy or the like and having a thickness of about 0.1
to 0.2 mm. Note that a passive film having a high electric
resistance 1s formed on a surface of each of the metallic
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separators 11 and 12. Therefore, there 1s a problem that when
metallic separators are used as separators 11 and 12 of a fuel
cell, contact resistances between adjacent separators 11 and
12, contact resistances between separators 11 and gas diif-
fusion layers 13, and contact resistances between separators
12 and gas diffusion layers 14 increase.

In consideration of this problem, in the fuel cell 1 accord-
ing to this embodiment, conductive particles 21 are buried 1n
projecting parts on one surface of each of the separator 11
and 12, and carbon fibers are buried 1n projecting parts on
the other surface of each of the separator 11 and 12.
Specifically, conductive particles 21 are buried 1n projecting
parts of the separator 11 that project toward the z-axis
positive side and carbon fibers are buried 1n projecting parts
of the separator 11 that project toward the z-axis negative
side. Further, conductive particles 21 are buried in projecting
parts of the separator 12 that project toward the z-axis
negative side and carbon fibers are buried 1n projecting parts
of the separator 12 that project toward the z-axis positive
side.

Further, when the projecting parts of the separator 11
projecting toward the z-axis positive side are made to abut
against (1.e., brought mto contact with) the projecting parts
of the separator 12 projecting toward the z-axis negative
side, they are made to abut against each other so that
conductive particles 21 buried 1n these projecting parts come
into contact with each other. Further, when the projecting
parts of the separator 11 projecting toward the z-axis nega-
tive side are made to abut against (1.e., brought into contact
with) the gas diffusion layer 13, they are made to abut
against each other so that Carbon fibers 22 buried 1n the
projecting parts come into contact with the gas diflusion
layer 13. Similarly, when the projecting parts of the sepa-
rator 12 projecting toward the z-axis positive side are made
to abut against (1.e., brought mto contact with) the gas
diffusion layer 14, they are made to abut against each other
14 so that carbon fibers 22 burnied in the projecting parts
come 1nto contact with the gas diffusion layer 14.

For example, conductive particles 21 are buried at corners
ol projecting parts of the separators 11 and 12 (i.e., at both
ends of each projecting part in the x-direction of the sepa-
rator 11 and 12). Similarly, carbon fibers 22 are buried at
corners of projecting parts of the separators 11 and 12 (i.e.,
at both ends of each projecting part in the x-direction of the
separator 11 and 12).

The conductive particles 21 are not limited to any par-
ticular particles, as long as they exhibit conductivity.
Examples of the material for the conductive particles 21
include tin oxide, gold, ITO (Indium Tin Oxide), and carbon
nanotubes. In particular, since tin oxide 1s less expensive
than noble metals, a manufacturing cost can be reduced by
using tin oxide particles as the conductive particles 21.

Further, a particle size (e.g., a particle diameter) of the
conductive particles 21 1s preferably 5 nm to 10 nm. FIG. 2
1s an enlarged cross section of the separator 11. As shown 1n
FIG. 2, passive films 24 are formed on surfaces of the
metallic separator 11. In general, each of these passive films
24 has a thickness of about 3 nm. Therefore, when the
particle size of the conductive particles 21 1s smaller than 5
nm, the buried conductive particles 21 do not penetrate the
passive film 24, so that suilicient conductivity may not be
developed. Further, the exposed surface areas of the buried
conductive particles 21 are reduced, so that suflicient con-
ductivity may not be obtained. On the other hand, when the
particle size of the conductive particles 21 1s larger than 10
nm, a destructive energy that the conductive particles 21
provide to the surface of the separator 11 becomes too large.
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As a result, the conductive particles 21 could damage not
only the passive film 24 but also the separator 11 itself, thus
possibly causing cracks in the separator 11. For these
reasons, the particle size of the conductive particles 21 1s
preferably 5 nm to 10 nm.

Similarly, a particle size (e.g., a particle diameter) of the
carbon fibers 22 1s preferably 5 nm to 10 nm. FIG. 3 15 an
enlarged cross section of the separator 11. Stmilarly to FIG.
2, passive films 24 are formed on surfaces of the metallic
separator 11 1n FIG. 3. In general, each of these passive films
24 has a thickness of about 3 nm. Therefore, when the
particle size of the carbon fibers 22 1s smaller than 5 nm, the
buried carbon fibers 22 do not penetrate the passive film 24,
so that suflicient conductivity may not be developed. Fur-
ther, the exposed surface areas of the buried carbon fibers 22
are reduced, so that suilicient conductivity may not be
obtained. On the other hand, when the particle size of the
carbon fibers 22 1s larger than 10 nm, a destructive energy
that the carbon fibers 22 provide to the surface of the
separator 11 becomes too large. As a result, the conductive
particles 21 could damage not only the passive film 24 but
also the separator 11 itself, thus possibly causing cracks 1n
the separator 11. For these reasons, the particle size of the
carbon fibers 22 1s preferably 5 nm to 10 nm.

Further, a ratio of a surface area occupied by conductive
particles 21 (hereinafter referred to as a surface occupying
area ratio of conductive particles 21) 1s preferably 20 to
60%. That 1s, the surface occupying area ratio of conductive
particles 21 per unit area 1n a projecting part (e.g., corners
ol a projecting part in the example shown 1n FIG. 1) of the
separators 11 and 12, in which conductive particles 21 are
buried, 1s preferably 20 to 60%.

When the surface occupying area ratio of conductive
particles 21 1s smaller than 20%, the number of contact
points between conductive particles 21 buried 1n the sepa-
rator 11 and 12 1s reduced and hence the conductivity
between the separators 11 and 12 decreases. On the other
hand, when the surface occupying area ratio of conductive
particles 21 1s higher than 60%, gaps are formed between the
separators 11 and 12 due to conductive particles that are not
buried 1n the separators 11 and 12. Since these gaps obstruct
contact between conductive particles 21 buried 1n the sepa-
rators 11 and 12, the conductivity between the separators 11
and 12 decreases. Further, since excessive conductive par-
ticles interfere electric currents flowing between buried
conductive particles 21, the conductivity between the sepa-
rators 11 and 12 decreases.

As described above, 1n the fuel cell according to this
embodiment, conductive particles 21 are buried 1n one
surface of each of the separators 11 and 12 and carbon fibers
22 are buried 1n the other surface of each of the separators
11 and 12. Further, the separators 11 and 12 are made to abut
against each other (i.e., brought into contact with each other)
so that conductive particles 21 buried in projecting parts on
the one surfaces of the separators 11 and 12 come into
contact with each other. Further, the separators 11 and 12
made to abut against (1.e., brought into contact with) the gas
diffusion layers 13 and 14, respectively, so that carbon fibers
22 buried 1n projecting parts on the other surfaces of the
separators 11 and 12 come 1nto contact with the gas diffusion
layers 13 and 14, respectively.

As described above, 1n the fuel cell according to this
embodiment, when it 1s desired to improve conductivity on
a surface of a fuel cell separator, conductivity 1s imparted
only to parts that need to be conductive in the fuel cell
separator, 1.e., only to projecting parts that are brought 1nto
contact with an adjacent separator or a gas diflusion layer.
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Therefore, it 1s possible to reduce the amount of conductive
particles to be used as compared to the case where conduc-
tive particles are provided on the entire surface of the
separator. Further, carbon fibers are buried on the other
surface of the separator. Therefore, the amount of conduc-
tive particles to be used can be reduced as compared to the
case where conductive particles are buried in both surfaces
of the separator. Therefore, 1t 1s possible to reduce a manu-
facturing cost while improving conductivity on surfaces of
separators.

Next, a method for manufacturing a fuel cell separator
according to this embodiment 1s described. FIG. 4 1s a cross
section for explaming dies used in a method for manufac-
turing a fuel cell separator according to this embodiment. In
this embodiment, a fuel cell separator with a projection-
depression shape formed on 1ts surface 1s manufactured by
sandwiching a metal plate between a die 31 disposed on a
lower side and a die 32 disposed on an upper side, and
performing press-forming.

As shown 1n FIG. 4, the lower die 31 includes depressed
parts 34 and projecting parts 35. The upper die 32 includes
projecting parts 37 in places opposed to the depressed parts
34 of the lower die 31 and depressed parts 38 in places
opposed to the projecting parts 35 of the lower die 31. Note
that in FIG. 4, only parts of the dies 31 and 32 are shown.
That 1s, a plurality of depressed parts and a plurality of
projecting parts, which are disposed so as to engage with
opposed projecting parts and depressed parts, are succes-
sively formed 1n the x-axis direction in each of the dies 31
and 32.

Grooves 41 filled with conductive particles 42 are formed
in predetermined places 1n each depressed part 34 of the die
31 (1.e., corners of each depressed part 34 of the die 31). The
places where the grooves 41 are formed correspond to
corners of a projecting part of the separator.

FIG. 5 1s an enlarged cross section of the die 31 shown 1n
FIG. 4. As shown 1 FIG. 5, a groove 41 1s filled with
conductive particles 42 and the conductive particles 42
contained 1n the groove 41 are supplied to a surface of a
metal plate 51 (see FIG. 6) during the press-forming. That 1s,
when the metal plate 51 1s press-formed into a separator, a
pressure 1s applied between the metal plate 51 and conduc-
tive particles 42. As a result, conductive particles 42 are
buried 1n the surface of the metal plate 51. The grooves 41
are connected, inside the die 31, to supply means for
supplying conductive particles (not shown). Therefore, con-
ductive particles 42 are continuously supplied from the
supply means (not shown) to the grooves 41.

As described above, the conductive particles 42 are not
limited to any particular particles, as long as they exhibit
conductivity. Examples of the material for the conductive
particles 42 imnclude tin oxide, gold, ITO (Indium Tin Oxide),
and carbon nanotubes. In particular, since tin oxide is less
expensive than noble metals, a manufacturing cost can be
reduced by using tin oxide particles as the conductive
particles 42. Further, for the above-described reasons, a
particle size of the conductive particles 42 1s preferably 5 nm
to 10 nm.

Next, processes Tor manufacturing a fuel cell separator are
described 1n detail with reference to FIGS. 6 to 8. When a
tuel cell separator 1s press-formed, firstly, a metal plate 51 1s
disposed between a lower die 31 and an upper die 32, and
a carbon fiber sheet 32 1s disposed between the metal plate
51 and the upper die 32 as shown 1n FIG. 6. Note that as the
metal plate 51, a thin plate made of stainless steel, titanium,
a titanium alloy, an aluminum alloy or the like and having
a thickness of about 0.1 to 0.2 mm can be used. For example,
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stainless steel 1s preferably used as the metal plate 51
because titamum 1s more expensive than stainless steel and
aluminum has a corrosion resistance lower than that of
stainless steel. Note that passive films having a high electric
resistance are formed on surfaces of the metal plate 51.

Further, the carbon fiber sheet 52 may be made of the
same material as the material for the gas diffusion layer 13
and 14 (see FIG. 1). By using the same material as the
material for the gas diffusion layers 13 and 14, it 1s possible
to prevent an increase 1n the number of types of components
to be used and thereby to reduce the manufacturing cost of
the separator. Further, for the above-described reasons, the
particle size of the carbon fibers constituting the carbon fiber
sheet 52 1s preferably 5 nm to 10 nm.

After that, as shown 1n FIG. 7, the metal plate 51 and the
carbon fiber sheet 52 are pressurized through the lower and
upper dies 31 and 32, and thereby press-formed imnto a
separator. In this process, conductive particles 42 are buried
in projecting parts on one surface (on the z-axis negative
side) of the metal plate (the separator) 51. Further, carbon
fibers of the carbon fiber sheet 52 are buried 1n projecting
parts on the other surface (on the z-axis positive side) of the
metal plate (the separator) 51.

After that, as shown in FIG. 8, the lower and upper dies
31 and 32 are moved away from each other and the formed
separator 11 1s removed from the dies 31 and 32. As shown
in FIG. 8, conductive particles 21 are buried in projecting
parts 27 on the surface on the z-axis negative side of the
tformed separator 11. Further, carbon fibers 22 are buried 1n
projecting parts 28 on the surface on the z-axis positive side
of the formed separator 11.

Note that conductive particles 21 and carbon fiber 22 are
buried at comers of the projecting parts 27 and 28, respec-
tively. That 1s, since grooves 41 are formed in places
corresponding to corners of the projecting parts 27 of the
separator 11 and a force 1s strongly applied from the lower
die 31 to the corners of the projecting parts 27 of the
separator 11 during the press-forming, conductive particles
21 are buried at the corners of the projecting parts 27 of the
separator 11. Siumilarly, since a force 1s strongly applied from
the upper die 32 to corners of the projecting parts 28 of the
separator 11 during the press-forming, carbon fibers 22 are
buried at the corners of the projecting parts 28 of the
separator 11.

As described above, the surface occupying area ratio of
conductive particles 21 buried in the formed separator 11 1s
preferably 20 to 60%. That 1s, the surface occupying area
ratio of conductive particles 21 per unit area in a projecting,
part (e.g., corners ol a projecting part in the example shown
in FIG. 1) of the separators 11 and 12, 1n which conductive
particles 21 are buried, 1s preferably 20 to 60%. Note that the
amount of conductive particles 21 buried 1n the separator 11
can be adjusted by changing the pressure or/and the pres-
surizing time in the press-forming, or/and the amount of
conductive particles 42 that come 1nto contact with the metal
plate 51 (1.e., the amount of conductive particles 42 con-
tained 1n the grooves 41) or the like.

As described above, 1n the method for manufacturing a
tuel cell separator according to this embodiment, grooves 41
filled with conductive particles 42 are formed 1n predeter-
mined places in a depressed part 34 of the die 31. Further,
when a separator 1s press-formed, the press-forming 1s
performed 1n a state where a metal plate 51 1s disposed
between the dies 31 and 32, and a carbon fiber sheet 52 1is
disposed between the metal plate 51 and the die 32. In this
way, 1t 1s possible to bury conductive particles 21 1n pro-
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jecting parts 27 on one surface of the separator 11 and bury

carbon fibers 22 1n projecting parts 28 on the other surface

of the separator 11.

As described above, in the method for manufacturing a
tuel cell separator according to this embodiment, 1t is
possible to impart conductivity only to parts that need to be
conductive 1n the fuel cell separator, 1.e., only to projecting
parts that are brought 1nto contact with an adjacent separator
or a gas diffusion layer. Therefore, it 1s possible to reduce the
amount ol conductive particles to be used as compared to the
case where conductive particles are provided on the entire
surface of the separator. Further, carbon fibers are buried on
the other surface of the separator by using a carbon fiber
sheet. Therefore, the amount of conductive particles to be
used can be reduced as compared to the case where con-
ductive particles are buried in both surfaces of the separator.
Therefore, 1t 1s possible to reduce a manufacturing cost
while 1improving conductivity on surfaces ol separators.

Further, 1n this embodiment, conductive particles 21 are
selectively buried at corners of projecting parts 27 of the
formed separator 11. That 1s, 1t 1s possible to improve the
conductivity of the separator 11 while reducing the amount
tin oxide to be used by selectively burying conductive
particles 21 at corners of projecting parts 27, which have a
large contribution to the conductivity of the separator 11,
rather than burying them in centers of projecting parts 27,
which have a small contribution to the conductivity of the
separator 11.

EXAMPL

L1

Next, an example according to the present disclosure 1s
described.

In an example, a separator was manufactured by using the
dies 31 and 32 shown in FIG. 4. When the separator was
manufactured, the separator was press-formed by the manu-
facturing process shown 1n FIGS. 6 to 8. As the metal plate,
a coll formed by a plate made of stainless steel (SUS447)
and having a thickness of 0.1 mm was used. Stainless steel
was used because titanium 1s more expensive than stainless
steel and aluminum has a corrosion resistance lower than
that of stainless steel.

Further, as the conductive particles, tin oxide particles
were charged into grooves 41 of the die 31 shown 1n FIG. 4.
As the tin oxide particles, antimony-doped tin oxide par-
ticles having a particle size of 10 nm (ATO, T-1 manufac-
tured by Mitsubishi1 Materials Corporation) were used. Note
that the particle size of tin oxide particles can be measured
by using a scanmng electron microscope (SEM: Scanning
Electron Microscope) or a transmission electron microscope
(TEM: Transmission Electron Microscope).

As the carbon fiber sheet (the gas diffusion layer), carbon
paper having a thickness of 0.11 mm (TGP-HO030 manufac-
tured by Toray Industries, Inc.) was used. If the thickness of
the carbon fiber sheet 1s large, its modulus of elasticity
increases, thus raising a possibility that the carbon fiber
sheet may be broken (or cracked) in the press-forming.
Therefore, 1t 1s preferable to use carbon paper having a
thickness of about 0.11 mm. Note that as the carbon fiber
sheet, carbon paper with carbon nanotubes (manufactured
by Microphase Co., Ltd. Inc.) may be used. However, there
1s a disadvantage that carbon paper with carbon nanotubes 1s
exXpensive.

A separator was press-formed by the manufacturing pro-
cess shown 1 FIGS. 6 to 8 by using the above-described
materials. That 1s, firstly, as shown 1n FIG. 6, a metal plate
51 and a carbon fiber sheet 52 were disposed between lower
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and upper dies 31 and 32. Then, as shown 1n FIG. 7, the
metal plate 51 and the carbon fiber sheet 52 were pressurized
though the lower and upper dies 31 and 32, and thereby
press-formed 1nto a separator. After that, as shown 1n FIG.
8, the lower and upper dies 31 and 32 were moved away
from each other and the formed separator 11 was removed
from the dies 31 and 32.

A plurality of samples were manufactured by the above-
described method and a relation between surface occupying
area ratios (heremaiter also simply referred to as “area
rat10s”) of tin oxide particles and their contact resistances
was examined for the formed separators 11. Note that the
amount of conductive particles burred in the separator 11
was adjusted by changing the pressure or/and the pressur-
izing time 1n the press-forming, or/and the amount of
conductive particles that came into contact with the metal
plate or the like.

The contact resistance means a contact resistance between
formed separators. That 1s, the contact resistance was mea-
sured 1n a state 1n which projecting parts of formed separa-
tors brought into contact with each other and a pressure of
0.98 MPa was applied to each of the separators. Specifically,
a voltage value between the separators was measured 1n a
state 1n which projecting parts of the separators, in which tin
oxide particles were buried, were brought into contact with
cach other and a constant current was made to flow between
the separators.

Further, the area ratio of tin oxide particles was obtained
by calculating a ratio of an area of tin oxide particles at
corners of a projecting part of the separator. The area ratio
of tin oxide particles was converted into numerical values
(1.e., expressed by numerical values) by carrying out TOF-
SIMS (Time-of-Flight Secondary Ion Mass Spectrometry)
analysis for the outermost surface of the separator and
obtaining element distributions of Fe, which was the main
component of stainless steel, and Sn, which was a compo-
nent of tin oxide.

FIG. 9 shows a relation between surface occupying area
ratios of tin oxide particles and contact resistances thereof.
When the area ratio of tin oxide was 0% (not shown), 1.e.,
when tin oxide was not buried at all in separators, no current
flowed between the separators. That 1s, the contact resistance
between the separators was very high. In contrast, when tin
oxide was buried 1n separators, current flowed between the
separators.

Specifically, as the area ratio of tin oxide particles was
increased from 10% to 40%, the contact resistance between
the separators decreased. Further, the contact resistance
reached the mimimum value when the area ratio of tin oxide
particles was 40%. Then, as the area ratio of tin oxide
particles was further increased from 40% to 70%, the contact
resistance between the separators increased. Based on the
result shown 1n FIG. 9, when the area ratio of tin oxide
particles was 20% to 60%, the contact resistance between
the separators was smaller than 20 m2-cm” and thus exhib-
ited satistactory values.

From the disclosure thus described, 1t will be obvious that
the embodiments of the disclosure may be varied 1n many
ways. Such variations are not to be regarded as a departure
from the spirit and scope of the disclosure, and all such
modifications as would be obvious to one skilled in the art
are mtended for inclusion within the scope of the following
claims.

What 1s claimed 1s:

1. A fuel cell comprising:

a first separator made of metal and having a projection-

depression shape;
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a second separator made of metal and having a projection-
depression shape, the first and second separators being
configured so that a projecting part on one surface of
the second separator abuts against a projecting part on
one surface of the first separator, and a depressed part
on the one surface of the second separator 1s opposed
to a depressed part on the one surface of the first
separator, thereby forming a flow path therebetween;

a first gas diffusion layer configured to abut against a
projecting part on another surface of the first separator,
and configured to diffuse a first gas flowing through a
depressed part on the another surface of the first
separator; and

a second gas diflusion layer configured to abut against a
projecting part on another surface of the second sepa-
rator, and configured to difluse a second gas flowing
through a depressed part on the another surface of the
second separator, wherein

conductive particles are buried in the projecting part on
the one surface of each of the first and second separa-
tors, and carbon fibers are buried 1n the projecting part
on the another surface of each of the first and second
separators,

the projecting parts on the one surfaces of the first and
second separators abut against each other so that the
conductive particles buried 1n these projecting parts
come 1nto contact with each other,

the projecting parts on the another surfaces of the first and
second separators abut against the first and second gas
diffusion layers, respectively, so that the carbon fibers
buried 1n these projecting parts come into contact with
the first and second gas diffusion layers, respectively,

the conductive particles are buried at corners of the
projecting parts on the one surfaces of the first and
second separators, and the carbon fibers are buried at
corners of the projecting parts on the another surfaces
of the first and second separators, and

a surface occupying area ratio of the conductive particles
per unit area at the corners of the projecting parts on the
one surfaces of the first and second separators 1s 20 to

60%.

2. The fuel cell according to claim 1, wherein the con-

ductive particles are tin oxide particles.

3. The fuel cell according to claim 2, wherein a particle

s1ze of the tin oxide particles 1s 5 nm to 10 nm.

4. A method for manufacturing a fuel cell separator with

a projection-depression shape formed on 1ts surface, com-
prising sandwiching a metal plate between a first die and a
second die, and performing press-forming, wherein

the first die comprises a projecting part and a depressed
part,

the second die comprises a projecting part 1n a place
opposed to the depressed part of the first die and a
depressed part in a place opposed to the projecting part
of the first die,

a groove lilled with conductive particles 1s formed 1n a
predetermined place in the depressed part of the first
die, and the conductive particles contained in the
groove are supplied to a surface of the metal plate
during the press-forming, and

in the press-forming of the separator, the press-forming 1s
performed in a state where the metal plate 1s disposed
between the first and second dies, and a carbon fiber
sheet 1s disposed between the metal plate and the
second die, so that conductive particles are buried 1n a
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projecting part on one surface of the separator and
carbon fibers are buried in a projecting part on another
surface of the separator,

wherein the predetermined place 1s a corner of the pro-

jecting part of the first die, and the conductive particles s
are buried at a corner of the projecting part on the one
surface of the separator during the press-forming pro-
cess, and

a surface occupying area ratio of the conductive particles

per unit area at the corner of the projecting part on the 10
one surface of the separator 1s 20 to 60%.

5. The method for manufacturing a fuel cell separator
according to claim 4, wherein the conductive particles are tin
oxide particles.

6. The method for manufacturing a fuel cell separator 15
according to claim 5, wherein a particle size of the tin oxide
particles 1s be 5 nm to 10 nm.

Gx e * % s
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